Background: A growing number of studies have addressed the long-term consequences of intensive care unit (ICU) treatment, but few have studied the prevalence of chronic pain and pain characteristics longitudinally. Aims: The goal of the work described here was to investigate the prevalence and characteristics of chronic pain in ICU survivors 3 months and 1 year after ICU discharge and to identify risk factors for chronic pain 1 year after ICU discharge. Design: The design used was an explorative and longitudinal study. Setting/Patients: The patients in this work had stayed >48 hours in two mixed ICUs in Oslo University Hospital, a tertiary referral hospital. Methods: Patients completed a survey questionnaire 3 months and 1 year after ICU discharge. Pain was assessed using the Brief Pain Inventory-Short Form. Results: At 3 months after discharge, 58 of 118 ICU survivors (49.2%) reported pain, and at 1 year after discharge, 34 of 89 survivors (38.2%) reported pain. The most common sites of pain at 3 months were the shoulder and abdomen; the shoulder remained the second most common site at 1 year. There was an increase in the interference of pain with daily life at 1 year. Possible risk factors for chronic pain at 1 year were increased severity of illness, organ failure, ventilator time >12 days, and ICU length of stay >15 days. The most common sites of pain were not linked to the admission diagnosis. Conclusions: These findings may enable health care providers to improve care and rehabilitation for this patient group.
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Intensive care unit (ICU) patients are critically ill, and most require artificial ventilation or other organ support. Even though the ICU mortality rate is higher than the general hospital mortality rate, more than 80% of ICU patients in Norway survive their stay (Kvale & Flaatten, 2010) . The review by Brinkman, Abu-Hanna, de Jonge, and de Keizer (2013) found that 76% of a general ICU population was alive 1 year after an ICU stay. Although research on long-term outcomes of ICU survivors has recently been increasing (Dowdy et al., 2005) , the main research topics have been health-related quality of life, posttraumatic stress disorder (PTSD), and cognitive disability (Griffiths, Fortune, Barber, & Young, 2007 ; Jones, Griffiths, Humphris, & Skirrow, 2001; Pandharipande et al., 2013; Timmers, Verhofstad, Moons, & Leenen, 2011) . The majority of research on pain in ICU patients has focused on pain and pain relief during an ICU stay (Barr et al., 2013) . Few studies have focused on persistent pain in these individuals (Battle, Lovett, & Hutchings, 2013; Boyle et al., 2004; Choi et al., 2014; Kong, Woon, & Yang, 2004) , and even fewer have studied the risk factors for developing chronic pain (Battle et al., 2013) .
The International Association for the Study of Pain (IASP, 2016) has defined pain as ''an unpleasant sensory and emotional experience associated with actual or potential tissue damage.'' Chronic pain is defined as pain exceeding an average healing period of 3-6 months (Chanques & Jaber, 2007) . Pain also contributes to anxiety, depression, disability, reduced quality of life, sleep disturbance, and financial burden (Leadly et al., 2014 , Moore, Derry, Taylor, Straube, & Phillips, 2014 , Park & Hughes, 2012 .
Intensive care unit patients often experience pain during their ICU stay (Barr et al., 2013) , and the severity of illness, damage to tissue, organ failure, the effect of being bedridden, and medical and nursing procedures may all be pain inducing Erstad et al., 2009; Payen et al., 2007) . Previous studies of chronic pain among ICU survivors either are relatively old (Boyle et al., 2004; Kong et al., 2004) , have a small sample size (Boyle et al., 2004) , or are retrospective (Battle et al., 2013) . From clinical practice, we know that much has changed in ICU treatment since 2004, for example, less use of sedation (Barr et al., 2013) . Updated knowledge regarding the prevalence of pain, pain characteristics, and risk factors may enable easier identification of risk groups among ICU survivors and possibly prevent the development of chronic pain in such patients.
The aims of this explorative and longitudinal study were: (1) to investigate the prevalence and characteristics of chronic pain in ICU survivors at 3 months and 1 year after ICU discharge and (2) to identify the risk factors for chronic pain at 1 year after an ICU stay.
METHODS
This present study used an exploratory and longitudinal design. Three months after discharge from the ICU, patients were contacted by telephone, informed about the study, and asked whether they wanted to participate.
After informed consent was obtained, data from their ICU stays were collected from their medical records. Survey data related to present pain and pain interference were collected at 3 and 12 months after discharge from the ICU. The study was conducted between May 2010 and January 2014. The study is registered in Clinical Trials: NCT02279212.
SETTINGS
Intensive care unit survivors from 2 mixed (ICU 1 and ICU 2) ICUs in Oslo University Hospital were included. This hospital is a tertiary referral hospital. ICU 1 has 11 beds, and ICU 2 has 9 beds. The two ICU wards do not treat trauma patients, but they treat all other surgical and medical critically ill patients (e.g., liver failure, severe respiratory failure, heart failure, and neurosurgical). The mean age of the population in both wards in the inclusion period was 56 years; patients in ICU 1 had a median length of stay (LOS) of 4.9 days, and those in ICU 2 had a median LOS of 2.5 days. The median ventilator time in the inclusion period was 3.9 days for ICU 1 and 1.6 days for ICU 2. The mean Simplified Acute Physiology Score (SAPS II) for ICUs 1 and 2 was 49.4 and 44.6, respectively (Nasjonalt Servicemiljø for Medisinske Kvalitetsregistre, 2017).
SAMPLE
Intensive care unit survivors aged 18 years or older who stayed in the ICU longer than 48 hours (thereby excluding the postoperative care patients) were asked to participate. The ICU survivors were required to read, write, and understand Norwegian to be able to complete the questionnaires. Patients with reduced cognitive function and terminally ill patients were excluded. Their level of cognitive function or the presence of terminal illness was evaluated with the assistance of the next of kin if the ICU survivor was unable to speak with the investigator (A.K.L.) on the phone. Of the 348 patients contacted, 193 consented to participate; 118 patients completed the questionnaire 3 months after discharge from ICU, and 89 patients completed it 1 year after ICU discharge (Fig. 1) .
Data Collection
Severity of Disease in the ICU. The total sample was assessed by the first author (A.K.L.) using the SAPS II and the Sequential Organ Failure Assessment (SOFA) based on data from the first 24 hours of their ICU stay. SAPS II was originally developed to calculate the in-hospital mortality risk in ICU patients (Le Gall, Lemeshow, & Saulnier, 1993) and is valid and reliable in medical, surgical (Le Gall et al., 1993) , and coronary (Schuster, Schuster, Ritschel, Wilts, & Bodmann, 1997) ICU patients. SAPS II is based on values of various parameters, including vital signs, the Glasgow Coma Scale, and the presence of malignancy or human immunodeficiency virus infection, within the first 24 hours in the ICU. All these values are summed for a total SAPS II (0-163). The SOFA score describes different levels of organ failure over time or the risk of death from sepsis both in a number of patient groups and in individual patients with critical illness (Vincent et al., 1996) ; it is valid and reliable in adult ICU patients (Vincent et al., 1998) . SOFA describes respiratory, cardiovascular, hepatic, coagulation, renal, and cognitive failure on a scale of 0-4 points, with a total sum score ranging from 0 to 24. Both these scores give information regarding the severity of critical illness and can predict mortality. In the present study, they were used to describe the level of critical illness in the participants.
Pain. Pain occurrence, pain intensity, pain location, interference of pain with function, and pain relief were evaluated using the Brief Pain Inventory-Short Form (BPI-SF) (Cleeland & Ryan, 1994; Daut, Cleeland, & Flanery, 1983) . ICU survivors were asked to indicate whether they had pain (yes/no). If they had pain, they rated the severity of their average, least, and worst pain using a 0 (no pain) to 10 (the worst pain imaginable) numeric rating scale (NRS). Pain interference with the 7 domains of functioning was rated on a NRS of 0 (does not interfere) to 10 (completely interferes). Pain relief was rated using a 0% (no relief) to 100% (complete relief) scale. The BPI-SF has well-established validity and reliability in patients with cancer, in whom it has exhibited sensitivity to change in longitudinal studies (Klepstad et al., 2002; Kroenke, Theobald, Wu, Tu, & Krebs, 2012; Von Roenn, Cleeland, Gonin, Hatfield, & Pandya, 1993; Wu, Beaton, Smith, & Hagen, 2010) , but also in people with chronic noncancer pain (Keller et al., 2004; Tan, Jensen, Thornby, & Shanti, 2004) . Tan et al. (2004) found an internal consistency (Cronbach's a) of .85 for intensity items and a Cronbach's a of .88 for interference items. In the present study, we found the internal consistency for BPI-SF intensity items to be .92 and .88 for BPI-SF interference items, and found that these Cronbach's a values were satisfactory. Internal consistency was assessed with Cronbach's alpha in SPSS (Version 23.0, IBM, Armonk, NY). A modified version has also been used for postoperative patients in Norway (Dihle, Helseth, Kongsgaard, Paul, & Miaskowski, 2006) . The BPI-SF has also been used in ICU and stroke survivors (Battle et al., 2013; Kong et al., 2004) , but to our knowledge, it has not been tested for validity or reliability in ICU survivors. Comorbidity. Comorbidities were assessed using a long version of the Self-Administered Comorbidity Questionnaire (SCQ-18) (Sangha, Stucki, Liang, Fossel, & Katz, 2003) , which includes 17 common and 3 optional medical conditions. The 17 common comorbidities were; heart disease, hypertension, pulmonary disease, cancer, diabetes, ulcer/stomach disease, kidney disease, liver disease, anemia/other blood disease, headache, intestinal disease, depression, back/neck pain, rheumatoid arthritis, skin diseases, osteoarthritis, and muscle diseases. The ICU survivors indicated (yes/no) whether they had the comorbidity; the total score ranged from 0 to 20 including the optional conditions. Scores in the upper range indicate higher comorbidity. Only the total number of comorbidities was used in the present study.
Study Procedures
The clinical data regarding the participants' ICU stay, including diagnosis, severity of disease, organ failure, ventilator time, ICU LOS, and use of fentanyl as pain treatment, were collected retrospectively from medical records 3 months after ICU discharge. Fentanyl was at the time the standard analgesic used in both study ICUs. The data regarding pain, comorbidity, and demographic data were obtained prospectively from the patients by questionnaire at 3 and 12 months after ICU discharge. We also asked the participants about chronic pain prior to their ICU stay. This was reported retrospectively with a yes/no question in the questionnaire. The questionnaire was sent by mail. All data were scanned into SPSS. A power calculation was performed by calculating the number of respondents needed to have a reasonably narrow 95% confidence interval for the point estimate of a proportion. With 120 respondents, the 95% confidence interval for a proportion would stretch a maximum of 8.9% from any point estimate (nQuery Advisor 7.0, Cork, Ireland). We expected a high dropout rate because of the participants' severe critical illness (high SAPS II and SOFA scores). In this study, the dropout rate between 3 months and 1 year was 32%. Other studies in these patient groups have reported similar dropout rates (Duggan et al., 2016; Ratzer, Brink, Knudsen, & Elklit, 2014) .
Ethics
This study was approved by the Hospital Data Inspectorate and the Regional Committees for Medical Research Ethics in Norway (Reference No. 2012/4b S-07505b). Only patients who gave their consent participated. The patients consented 3 months after their ICU discharge.
Statistical Analysis
Based on their responses to the BPI-SF, the patients were divided into two groups, a pain group and a nopain group. This division was done separately at both time points. The pain group consisted of all respondents who answered ''yes' ' to the first BPI question (''Do you have pain?''). The no-pain group consisted of all respondents who answered ''no'' to the first BPI question or responded with ''0'' on all four dimensions. Others have used the instrument in the same way (Astrup, Rustoen, Miaskowski, Paul, & Bjordal, 2015; Christensen et al., 2016) .
SPSS was used for statistical analyses. Sample characteristics are presented as means with standard deviation (SD) or proportions. Differences in continuous variables between groups were tested with Student's t test. The c 2 test or Fisher's exact test for contingency tables was used as appropriate to detect associations between categorical variables. Two-tailed p values < .05 were considered to indicate significance. To identify independent risk factors for chronic pain 1 year after ICU discharge, logistic regression analysis was performed using a manual backward elimination procedure. Any variable with a p value < .25 in univariable analysis was a candidate for inclusion in the multivariable model, based on recommendations from Hosmer and Lemeshow (2000) . The following independent risk factors were identified: ventilator days, SAPS II, SOFA score, high level of education, number of comorbidities, ICU days, and use of fentanyl during the ICU stay. Multivariable analyses were preceded by estimation of the correlations between risk factors. Because of the strong correlations between the SAPS II and SOFA score (r ¼ .61) and between ventilator days and ICU days (r ¼ .71), three multivariable models were needed to avoid multicollinearity.
RESULTS
There were no significant differences between the pain and no-pain groups with respect to any demographic characteristic (Table 1) . The most common comorbidities at 3 months for the pain group were back/ neck pain in 22 (37.9 %), headache in 17 (29.3 %), hypertension in 15 (25.9%), and cardiac disease in 9 (15.5 %). In the no-pain group, the most common comorbidities were cardiac disease in 18 (30%), hypertension in 14 (23.3 %), back/neck pain in 8 (13.3 %) and cancer in 8 (13.3 %). The median ICU LOS was 9.0 days (interquartile range [IQR]: 5.0-15.0 days) for the total sample (Table 2) .
Prevalence, Location, and Characteristics of Pain 3 Months and 1 Year after ICU Discharge Of 118 ICU survivors, 58 (49.2%) reported pain 3 months after ICU discharge. The BPI-SF scores at 3 months after discharge indicated that the ICU survivors who reported pain suffered mild to moderate pain; the average score for the worst pain in the previous 24 hours was 4 on the NRS (0-10), and the average of the least pain was 1.5. In the pain group, 52.5% of patients did not use any pain treatment at 3 months after discharge, and of those who did use pain treatment, only 20% reported any effect of the pain treatment. About 25% of the patients used analgesics such as opioids, other pain medications, or a combination of the two, and 17% used either physiotherapy or a combination of physiotherapy and analgesics. Their pain was reported to cause low to moderate levels of interference with their daily lives, and it interfered most with normal work and least with relationships with others ( Table 3) . The most common sites of pain were the shoulder/upper arm and the abdomen, with 29.3% reporting pain at each site (Fig. 2) . At 3 months after discharge, the median number of sites of pain was 2.0 (IQR: 1.5-4.0). Pain intensity at 1 year was the same as that at 3 months (Table 3) . Of 89 ICU survivors, 34 (38.2%) reported pain 1 year after ICU discharge. At the 1-year follow-up, 37% of the ICU survivors with pain reported that they did not use any pain treatment, and 20% reported that their method of pain relief was effective. There was an increase in the use of analgesics from 25% at 3 months to 33% at 1 year, and the proportion of patients using physiotherapy increased to 24%. The interference of pain with daily living was higher for all items after 1 year compared with after 3 months ( Table 3) . The most common site of pain at 1 year was the ankle/foot (58.8%), with the shoulder/upper arm as the second most common site (55.8%). The median number of sites of pain at 1 year increased to 3.0 (IQR: 2.0-8.0).
Risk Factors for Chronic Pain 1 Year after ICU Discharge
All three multivariable models revealed strong effects, with odds ratios (ORs) that could be of clinical importance, although none of the associations reached statistical significance. Model A ( 
DISCUSSION
Prevalence, Location, and Characteristics of Pain The main finding of the present study was that 49% of the patients reported that they had pain 3 months after the ICU stay; whereas as many as 38% still reported pain after 1 year. We know from other studies that patients experience a high level of pain in the ICU (Barr et al., 2013) , and some studies have found that they also experience pain post-ICU (Battle et al., 2013; Boyle et al., 2004; Kong et al., 2004) , so it is expected that many ICU survivors have pain after their ICU stay. The prevalence of chronic pain at 3 months in this cohort was slightly higher than that reported by Battle et al. (2013) (44% at 6 months), Boyle et al. (2004) (28% at 6 months), and Kong et al. (2004) (42% between 6 months and 1 year). However, the prevalence at 1 year was lower than that reported by Battle et al. (2013) and Kong et al. (2004) , although still higher than that reported by Boyle et al. (2004) . The reason for this might be that the different studies measure chronic pain at different time points. The study sample in this study had a high mean SAPS II and SOFA score, so they represent survivors of severe critical illness. When compared with the participants studied by both Battle et al. (2013) and Boyle et al. (2004) , those included in the present study were younger and had a higher SAPS II, a longer ventilator time, and a longer ICU LOS. This may be an explanation for the high prevalence of chronic pain. One of the most common sites of pain identified in the present study, the shoulder/upper arm, is the same as that reported by Battle et al. (2013) . It is interesting that most ICU survivors have pain in their shoulder/upper arm. Battle et al. (2013) suggested that this finding might be the consequence of the amount of invasive equipment located in this area FIGURE 2. -Body map of pain locations 3 months and 1 year after discharge from the intensive care unit. At 3 months, n ¼ 58, and at 1 year, n ¼ 34. Bodily pain is expressed as percentages. (central venous lines, pulmonary artery catheter, dialysis catheter), of being bedridden for days/weeks, or of the methods by which patients are helped to change position in bed. We agree with this suggestion and would like to add that intensive care-acquired weakness, which is very common in ICU survivors, also might be an influencing factor (Kress & Hall, 2014) . However, it should be noted that shoulder pain is common in the general Norwegian population. In a study of a representative sample from the general Norwegian population with chronic noncancer pain, 46% reported shoulder pain (Rustoen et al., 2004) . Further research is needed to determine the cause of this pain in ICU patients.
In the present study, the most common site of pain at 1 year was the ankle/foot, and pain in such sites as knees, thighs, neck, hands, and head also increased markedly between 3 months and 1 year (Fig. 2) . At the same time, pain prevalence was reduced from 49.2% to 38.2%, and number of pain sites reported increased from a median of 2 to a median of 3 sites. We speculate that this change from 3 to 12 months might be related to the increased activity level of patients at 1 year compared with 3 months after ICU discharge, leading to lower pain prevalence in general, but pain more often localized in weightbearing joints and muscles. There has been increasing research on the benefits of physical activity in chronic pain patients, for example, reducing pain severity, improving physical functioning, and improving quality of life (Ambrose & Golightly, 2015; Geneen et al., 2017) . Unfortunately, according to a Cochrane report, the evidence is low because of methodologic issues (Geneen et al., 2017) . The same report also confirms that there are few risk factors with physical exercise and activity (Geneen et al., 2017) . In this study, abdominal pain was also common at 3 months, which might be connected to the large group who had abdominal surgery (e.g., liver transplant).
Even though the prevalence of pain was high in this study, the pain interference score was generally low to moderate. Kong et al. (2004) also reported a low level of pain interference. The highest levels of interference were reported for normal activities and work, and the lowest levels were reported for relationships with others. These results are similar to those obtained by Kong et al. (2004) . The increased pain interference scores at 1 year after ICU discharge in the present study might be related to a higher level of leg symptoms related to increased mobilization and activity levels. In other words, these ICU survivors may have returned to a normal life.
Prevalence of Chronic Pain Prior to ICU Stay Only 7.5% (n ¼ 7) of the participants in this study reported having chronic pain prior to their ICU stay, which is a much lower prevalence than reported in surveys of the general population (Landmark, Romundstad, Borchgrevink, Kaasa, & Dale, 2011; Rustoen et al., 2004) . We are aware that prevalence varies greatly between studies and depends on context and method with prevalences as low as reported in our study (Steingrimsdottir, Landmark, Mcfarlane, & Nielsen, 2017) . One reason for the low prevalence of chronic pain in the participants in this study might be that they reported pain retrospectively. It is also possible that this is a question of definition: two of the four most common comorbidities in this present study were back/neck pain (n ¼ 30) and headache (n ¼ 20), both of which might lead to chronic pain; however, it is possible that the ICU survivors did not define them as such. Another explanation might be that to a large proportion of the ICU survivors, their previous problems seemed to be trivial compared with their present problems.
RISK FACTORS FOR CHRONIC PAIN 1 YEAR AFTER ICU STAY
The findings of this study suggest that more severe critical illness (ventilator time >12 days, high SAPS II and SOFA score) may predict the risk of developing chronic pain 1 year after ICU discharge. This is partly a new finding. Battle et al. (2013) found that sepsis and increasing age are both independent risk factors for chronic pain after an ICU stay. The present study did not confirm these results.
LIMITATIONS
There are limitations to this study. We did not have an appropriate baseline for the prevalence of pain before the ICU stay. The reason for this is that almost all ICU stays are emergencies. A larger sample size would give us stronger statistical power. The response rate to the questionnaire was relatively low, and the number of dropouts from 3 months to 1 year was relatively high, which could have resulted in a biased sample. Other researchers have also reported that the most severely ill are difficult to study and that illness severity may explain the relatively high dropout rate of 32% (Duggan et al., 2016; Ratzer et al., 2014) . It could be debated whether BPI-SF is an appropriate instrument for measuring chronic pain, but when we planned this study, we could not find a better tool. We used the chronic version of BPI-SF and emphasized in the study information that we were interested in chronic pain after intensive care treatment, but we did not ask the participants whether they had pain every day for the last 3 months. This is a problem that this study shares with other studies of chronic pain (Boyle et al., 2004; Kong et al., 2004) . Some of the ICU survivors also report pain comorbidities and no pain on the BPI-SF. This may be seen as a contradictory, but we interpret this as the ICU survivors reporting chronic pain related to the ICU stay, which is what they were instructed to do. It can also be argued that pain is more multidimensional than discussed in this study, that pain will be influenced by other symptoms like depression, anxiety, sleep disturbance, and so forth.
IMPLICATIONS FOR CLINICAL PRACTICE
The fact that 49% of the ICU survivors had pain after 3 months and 38% still had pain after 1 year emphasizes that pain is a major problem for these patients. Previous studies have indicated that after their ICU stay, ICU survivors struggle with multiple problems, including muscle weakness (De Letter et al., 2001; Hermans, De Jonghe, Bruyninckx, & Van den Berghe, 2009; Visser, 2006 ) and reduced cognitive function (Pandharipande et al., 2013) , and that these symptoms are quite common. If the ICU survivors also have chronic pain, as reported in the present study, they have a large symptom burden. This is very important information for all health care professionals who work with this patient group, either in rehabilitation facilities or in outpatient clinics. Health care professionals who have a better knowledge of symptom burden, particularly the prevalence and location of pain and its interference with daily life, may be better placed to diagnose pain and to introduce adequate pharmacological or nonpharmacological treatment to assist the ICU survivors in coping with the pain.
CONCLUSION
The present study confirms previous findings regarding the prevalence of pain after an ICU stay. We saw a trend that the most critically ill patients (who had high SAPS II and SOFA score) and those requiring ventilation longer than 12 days had an increased risk of chronic pain after an ICU stay. Shoulder pain was the most common problem at 3 months. Further research is needed to confirm this present study's results and to determine whether shoulder pain is linked to ICU procedures.
